Marinomonas alcarazii sp. nov., M. rhizomae sp. nov., M. foliarum sp. nov., M. posidonica sp. nov. and M. aquiplantarum sp. nov., isolated from the microbiota of the seagrass Posidonia oceanica
Five novel Gram-reaction-negative aerobic marine bacterial strains with DNA G+C contents ,50 mol% were isolated from the seagrass Posidonia oceanica. 16S rRNA sequence analysis indicated that they belonged to the genus Marinomonas. Major fatty acid compositions, comprising C 10 : 0 3-OH, C 16 : 0 , C 16 : 1 v7c and C 18 : 1 v7c, supported the affiliation of these strains to the genus Marinomonas. Strains IVIA-Po-14b
T , IVIA-Po-145 T and IVIA-Po-155 T were closely related to Marinomonas pontica 46-16 T , according to phylogenetic analysis. However, DNA-DNA hybridization values ,35 % among these strains revealed that they represented different species. Further differences in the phenotypes and minor fatty acid compositions were also found among the strains. Another two strains, designated IVIA-Po-181
T and IVIA-Po-159 T ,
were found to be closely related to M. dokdonensis DSW10-10 T but DNA-DNA relatedness levels ,40 % in pairwise comparisons, as well as some additional differences in phenotypes and fatty acid compositions supported the creation of two novel species. Accordingly, strains IVIA-Po14b T The genus Marinomonas is composed of Gram-negative bacterial strains that have been found distributed across many different marine environments (Sanchez-Amat & Solano, 2005) . The number of species in this genus has increased during recent years, after the initial description of the genus by Van Landschoot & De Ley (1983) . At the time of writing, the list of species with validly published names in the genus Marinomonas included M. communis and M. vaga (formerly Alteromonas communis and A. vaga; Van Landschoot & De Ley, 1983; Baumann et al., 1972) , M. mediterranea (Solano & Sanchez-Amat, 1999) , M. primoryensis (Romanenko et al., 2003) , M. pontica (Ivanova et al., 2005) , M. dokdonensis (Yoon et al., 2005) , M. aquimarina (Macián et al., 2005) , M. ushuaiensis (Prabagaran et al., 2005) , M. polaris (Gupta et al., 2006) , M. ostreistagni (Lau et al., 2006) , M. arctica (Zhang et al., 2008) , M. basaltis (Chang et al., 2008) , M. arenicola (Romanenko et al., 2009) , M. balearica and M. pollencensis (Espinosa et al., 2010) . M. brasilensis has since been added to the genus and M. communis and M. basaltis have been recognized as heterotypic synonyms (Chimetto et al., 2011) .
It has been reported that the microbiota of the marine seagrass Posidonia oceanica contains a diverse range of species of the genus Marinomonas, namely, M. balearica, M. pollencensis and M. mediterranea (Espinosa et al., 2010) . Here, we report the characterization of five novel strains of the genus Marinomonas isolated from Posidonia oceanica.
Samples of seagrass were collected from different meadows on the coast of the Balearic Islands, Spain, and processed as described previously (Espinosa et al., 2010 (1999) . DNA sequences were determined by direct sequencing of the PCR products using an ABI 3100 Avant sequencer (Applied Biosystems).
Searches using BLAST (Altschul et al., 1997) were performed with the sequences obtained and those showing higher similarity to 16S rRNA sequences of species of the genus Marinomonas than to those of any other species were selected. Strains whose 16S rRNA gene sequence was identical to that of previously described species of the genus Marinomonas were disregarded so that the study focused on potential novel species. Here, we report the characterization of strains IVIA-Po-14b
T and IVIA-Po-159 T .
Strains that showed novel partial 16S rRNA gene sequences were selected as potential novel species. Genomic DNA was isolated from these strains and the corresponding almost complete 16S rRNA genes were amplified and sequenced by the MDC; the sequences were then deposited in the GenBank database. The 16S rRNA gene sequences of all the previously described species of the genus Marinomonas, as well as those of some related marine gammaproteobacteria and Vibrio cholerae, as an outgroup, were included in the analysis. Phylogenetic analyses based on the sequences of the 16S rRNA genes were conducted using MEGA version 4 (Tamura et al., 2007) . All the sequences were aligned using the CLUSTAL W program within the MEGA software and distance matrices were generated to calculate the pdistances. Phylogenetic trees were reconstructed using the neighbour-joining method. The reliability of the trees was evaluated using bootstrap analysis with 1000 resamplings.
DNA-DNA hybridizations were performed by the DSMZ identification service. DNA was isolated using a French pressure cell and purified by chromatography as described by Cashion et al. (1977) . DNA-DNA hybridizations were carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huß et al. (1983) using a Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe. To determine the G+C content of the DNA, DNA was isolated, digested with nuclease P1 and dephosphorylated as described by Johnson (1994) . The nucleosides obtained were analysed by HPLC (Kumura et al., 1991) .
Unless otherwise indicated, the biochemical, microscopic and physiological tests were performed as described by Baumann et al. (1972) , Solano & Sanchez-Amat (1999) and Espinosa et al. (2010) . The utilization of different compounds as carbon sources was assayed in BM mineral medium (Baumann et al., 1972; Solano & Sanchez-Amat, 1999) . Fatty acid analysis was performed using the same conditions as described by Espinosa et al. (2010) . In all the tests performed in this study, M. pontica 46-16 T , generously gifted by E. Ivanova, and M. dokdonensis DSW10-10 T , obtained from the DSMZ, were used as reference strains since they were the species that proved to be most closely related to the novel strains.
The phylogenetic analysis confirmed the results of the BLAST searches, indicating that the novel strains characterized in this study belonged to the genus Marinomonas (Fig.  1) . Taking into consideration that M. mediterranea, M. balearica and M. pollencensis were also detected in the culturable microbiota of P. oceanica, Fig. 1 shows that this plant harbours a great phylogenetic diversity of strains of the genus Marinomonas, including strains from most of the branches within the genus.
T and IVIA-Po-155
T were most closely related to M. pontica 46-16 T (Fig. 1) ; the 16S rRNA gene sequence similarities between these strains and M. pontica 46-16 T were 99.5±0.2, 98.2±0.2 and 99.0±0.2 %, respectively. In order to determine whether they belonged to the same species, DNA-DNA hybridization studies were performed comparing these four strains. It was found that, in all cases, these values were much lower than the value of 70 %, recommended as the threshold for the delineation of bacterial species (Wayne et al., 1987) . The highest DNA-DNA relatedness value was 31 % between M. pontica 46-16 T and strain IVIA-Po-155 T . The DNA-DNA relatedness between M. pontica 46-16 T and strain IVIA-Po-14b
T was 26.8 % in spite of a 99.5 % 16S rRNA gene sequence similarity.
M. pontica 46-16
T differed from the strains studied in that it was oxidase-positive, able to use m-hydroxybenzoate as carbon source (Table 1) and did not contain the unknown fatty acid of ECL 11.799 that was detected in other strains (Table 2) . It is important to point out that, in spite of the differences indicated, the major fatty acid profiles of all the strains analysed in this study agreed with those reported for other members of the genus Marinomonas (Espinosa et al., 2010) . Strain IVIA-Po-14b
T was very similar to M. pontica 46-16 T in many respects but differed from it, in addition to the characteristics mentioned above, in its capacity to use galactose but not m-hydroxybenzoate as sole carbon source (Tables 1 and 2 T and IVIA-Po-159 T were phylogenetically related to M. dokdonensis DSW10-10 T (Fig. 1) . However, these two strains formed a well-defined separate cluster. This cluster represents the most abundant culturable group of species of the genus Marinomonas isolated from the microbiota of P. oceanica since 35 out of the 43 strains that were initially isolated belong to it. Strains IVIAPo-181
T and IVIA-Po-159 T showed 16S rRNA gene sequence similarities in the range of 98.3-98.5 % with M. dokdonensis DSW10-10 T and although the similarity value between the two strains was higher than 99.4 %, they showed a DNA-DNA relatedness of only 42.4 % to each other, suggesting that they represent different species. This assumption was supported by the fact that strains IVIA-Po-181
T and IVIA-Po-159 T showed DNA-DNA relatedness values of 10.5 and 25.9%, respectively, to their closest relative, M. dokdonensis DSW 10-10 T .
In terms of their phenotypic characteristics, cells of strains IVIA-Po-181
T and IVIA-Po-159 T differed from M. dokdonensis DSW 10-10 T , by being helical in shape and oxidasenegative (Table 1) and by containing the fatty acid C 12 : 1 3-OH but not C 12 : 0 (Table 2) . The detection of an unknown fatty acid of ECL 11.799 in strain IVIA-Po-181
T was the main differential characteristic between these two novel strains (Table 2) . Accordingly, strains IVIA-Po-181 T and . All other data are from this study. All strains required NaCl for growth and utilized glucose, glutamate, a-ketoglutarate, fructose, maltose, sorbitol, acetate and malate as carbon sources. None of the strains were able to utilize lactose, butyrate or valerate, showed gelatinase or laccase activities, synthesized melanins or produced antimicrobial compounds in the conditions assayed. +, Positive; 2, negative; W, weak reaction. Espinosa et al. (2010) .
DData from the present study. This study has revealed that the seagrass Posidonia oceanica harbours a diverse group of bacterial species belonging to the genus Marinomonas, within which the creation of five novel species is proposed.
Description of Marinomonas alcarazii sp. nov.
Marinomonas alcarazii (al.ca.ra9zi.i. N.L. masc. gen. n. alcarazii of Alcaraz, named after Miquel Alcaraz, Spanish scientist).
Cells are helical, motile with a single polar flagellum, Gramreaction-negative, strictly aerobic, catalase-positive and oxidase-negative. Organic growth factors are not required. Requires Na + for growth. Grows in 0.5-10 % (w/v) NaCl and at 5-37 u C. Negative for amylase, agarase, lipase and protease (gelatin) activities. Glucose, galactose, maltose, sucrose, sorbitol, glycine, glutamate, a-ketoglutarate, fructose, malate and acetate are used as carbon and energy sources but lactose, butyrate, valerate, L-tyrosine and m-hydroxybenzoate are not. The major fatty acids (.10 % of total fatty acids) are C 16 : 0 , C 16 : 1 v7c and C 18 : 1 v7c.
The type strain is IVIA-Po-14b T (5CECT 7730 T 5NCIMB 14671 T ). The DNA G+C content of the type strain is 46.2 mol%.
Description of Marinomonas rhizomae sp. nov.
Marinomonas rhizomae (rhi.zo9ma.e. N.L. n. rhizoma (from Gr. n. rhizôma) a rhizome; N.L. gen. n. rhizomae of a rhizome, the part of the plant Posidonia oceanica from which the type strain was isolated).
Cells are curved rods, motile with a single polar flagellum, Gram-reaction-negative, strictly aerobic, catalase-positive and oxidase-negative. Organic growth factors are not required. Requires Na + for growth. Grows in 0.5-10 % (w/v) NaCl and at 5-25 u C. Negative for amylase, agarase, lipase and protease (gelatin) activities. Glucose, maltose, sucrose, sorbitol, L-tyrosine, glutamate, a-ketoglutarate, fructose, malate and acetate are used as carbon and energy sources but galactose, lactose, butyrate, valerate, glycine and m-hydroxybenzoate are not. The major fatty acids (.10 % of total fatty acids) are C 16 : 0 , C 16 : 1 v7c and C 18 : 1 v7c.
The type strain is IVIA-Po-145 T (5CECT 7377 T 5NCIMB 14431 T ). The DNA G+C content of the type strain is 45.5 mol%.
Description of Marinomonas foliarum sp. nov.
Marinomonas foliarum (fo.li.a9rum. L. gen. pl. n. foliarum of leaves, the part of the plant Posidonia oceanica from which the type strain was isolated).
Cells are curved rods, motile with a single polar flagellum, Gram-reaction-negative, strictly aerobic, catalase-positive and oxidase-negative. Organic growth factors are not required. Requires Na + for growth. Grows in 0.5-10 % (w/v) NaCl and at 5-25 u C. Negative for amylase, agarase, lipase and protease (gelatin) activities. Glucose, maltose, galactose, sucrose, sorbitol, glutamate, a-ketoglutarate, fructose, malate and acetate are used as carbon and energy sources but lactose, butyrate, valerate, tyrosine, glycine and m-hydroxybenzoate are not. The major fatty acids (.10 % of total fatty acids) are C 16 : 0 , C 16 : 1 v7c and C 18 : 1 v7c.
The type strain is IVIA-Po-155 T (5CECT 7731 T 5NCIMB 14672 T ). The DNA G+C content of the type strain is 46.2 mol%.
Description of Marinomonas posidonica sp. nov.
Marinomonas posidonica (po.si.do9ni.ca. N.L. fem. adj. posidonica relating to the genus name Posidonia, of Posidonia oceanica, the plant from which the type strain was isolated).
Cells are helical, motile with a single polar flagellum, Gram-reaction-negative, strictly aerobic, catalase-positive and oxidase-negative. Organic growth factors are not required. Requires Na + for growth. Grows in 0.5-10 % NaCl and at 5-25 u C. Negative for amylase, agarase, lipase and protease (gelatin) activities. Glucose, maltose, galactose, sucrose, sorbitol, glutamate, a-ketoglutarate, fructose, malate and acetate are used as carbon and energy sources but lactose, butyrate, valerate, tyrosine and m-hydroxybenzoate are not. The major fatty acids (.10 % of total fatty acids) are C 10 : 0 3-OH, C 16 : 0 , C 16 : 1 v7c and C 18 : 1 v7c. Marinomonas aquiplantarum (a.qui.plan.ta9rum. L. fem. n. aqua water; L. fem. n. planta plant; N.L. gen. pl. n. aquiplantarum of aquatic plants, referring to Posidonia oceanica).
Cells are helical, motile with polar flagella at one or both poles of the cells, Gram-reaction-negative, strictly aerobic, catalase-positive and oxidase-negative. Organic growth factors are not required. Requires Na + for growth. Grows in 0.5-10 % (w/v) NaCl and at 5-37 u C. Negative for amylase, agarase and protease (gelatin) activities. Lipase (Tween 80) activity is variable with some strains showing a low activity. Glucose, maltose, galactose, sucrose, sorbitol, glutamate, a-ketoglutarate, fructose, malate and acetate are used as carbon and energy sources but lactose, butyrate, valerate, tyrosine and m-hydroxybenzoate are not. The major fatty acids (.10 % of total fatty acids) are C 10 : 0 3-OH, C 12 : 1 3-OH, C 16 : 0 , C 16 : 1 v7c and C 18 : 1 v7c.
The type strain is IVIA-Po-159 T (5CECT 7732 T 5NCIMB 14673 T ). The DNA G+C content of the type strain is 47.8 mol%.
